Multiple myeloma (MM) cancers are 10% of hematological cancers. Leukemia ARH-77 is a malignancy like MM with a worse course of disease and the survival rate from it is very low. Therefore, ARH-77 is a commonly used model for antitumor agent studies. Polyphenolic compounds, such as resveratrol, rutin and rosmarinic acid, have many protective roles, but there is no comparative study about these three polyphenolic compounds on ARH-77. In the present study, we investigated the cytotoxic effects of resveratrol, rutin and rosmarinic acid on ARH-77. Toxic concentration ranges were determined by the brine shrimp lethality test on Artemia salina. In addition, for determination of their cytotoxic effects, MTT and NR methods were used for ARH-77. Resveratrol caused significant reduction in both mitochondrial and lysosomal activities compared with the control group. Maximum inhibition values were detected on mitochondrial and lysosomal activity with 200 µM concentrations after 48 hours. After a 24 hours incubation period, rutin showed cytotoxic effects, particularly with 50, 100 and 200 µM concentrations. Rosmarinic acid also decreased the mitochondrial activity with the same concentrations. Resveratrol showed higher cytotoxic effects than rutin and rosmarinic acid. According to our study, polyphenolic compounds such as rutin, resveratrol and rosmarinic acid may hold promise in multiple myeloma treatment with further investigations.
Multiple myeloma (MM) constitutes 1% of all cancer types and 10% of hematological cancers [1] . Multiple myeloma is a malignant proliferation of plasma cells which fail to undergo an apoptotic pathway in bone marrow [2] . Leukemia ARH-77 (the immunoglobulin G-secreting plasma cell) is a malignancy which originates from plasma cells like MM. However, the prognosis for leukemia is worse than that for MM and its survival rate is considerably lower. Therefore, ARH-77 is a commonly used cell line for studies on new antitumor agents [3] .
Polyphenolic compounds such as resveratrol, rutin and rosmarinic acid are secondary metabolism products, which have various protective roles. Resveratrol (trans-3,5,4-trihydroxystilbene), a phytoalexin, is found in red wine, grape skins and peanuts [4a, 4b, 4c ]. Resveratrol has been shown to have potent inhibitory activities on the growth of leukemia, breast, prostate, lung, colon, and cervical cancers, and gastric adenocarcinoma cells. It has been considered as one of the most promising cancer-preventive agents [5] . Rutin (quercetin-3-O-rhamnopyranosyl-glucopyranoside) is a flavonoid especially found in buckwheat, black tea, and apple peel [6a, 6b] . Rutin is hydrolysed to its aglycone, quercetin, by the enzyme β-glucosidase. It has demonstrated chemo-preventive activity in laboratory animal models [7] . Rosmarinic acid (α-Ocaffeoyl-3,4-dihydroxyphenyl lactic acid) is a naturally occurring hydroxylated phenolic compound that is found in many herbs, such as thyme, lemon balm, rosemary, and sage.
Cytotoxic effects of these three polyphenolic compounds (resveratrol, rutin, and rosmarinic acid) were studied individually by other researchers and we have compared their effects on immunoglobulin G-secreting plasma cell leukemia (ARH-77), for the first time. In addition, toxic concentrations of resveratrol, rutin, and rosmarinic acid were determined by brine shrimp assay on Artemia salina. Furthermore, their cytotoxicity was determined by MTT and neutral red assay on ARH-77 cell line.
The toxicity of resveratrol, rutin and rosmarinic acid were evaluated on brine shrimp larvae. All three compounds increased the cytotoxicity depending on time and concentration. After all incubation periods, according to the results of mitochondrial and lysosomal activity of ARH-77 cells, maximum cytotoxic effects were determined with a 200 µM concentration. Mitochondrial activity of resveratrol after 24, 48, and 72 hours were calculated as 41.0, 51.1, 56.0 (***p<0.001), respectively. Rutin and rosmarinic acid showed less cytotoxic effects on the cells when compared with resveratrol, and after 24 hours, the results were statistically significant. The cytotoxic effect of rutin on mitochondrial activity was calculated as 76.9% with 50 µM and 83.1% with 200 µM, respectively, after 24 hours (***p<0.001). Despite showing a decrease in mitochondrial activity in the ARH-77 cell line, which correlated with concentration and time, the activity of rosmarinic acid was calculated as 82.8% with a 200 µM concentration (*p< 0.05) ( Figure 1 ).
The most significant effects for lysosomal activity were detected with resveratrol. Compared with the control group, a time dependent decrease was determined for all resveratrol concentrations. Activity and statistical significance was analysed as 74.5% (**p<0.01) for 50 µM, 72.7% (**p<0.01) for 100 µM, and 68.0% (***p< 0.001) for 200 µM after 24 hours, and 70% (**p<0.01) for 200 µM concentration after 48 hours. The effects of concentrations of rutin and rosmarinic acid did not decrease significantly on ARH-77 cells. Results were determined as 84.2% for 50 µM rutin concentration and 87.2% (*p<0.05) for 200 µM rosmarinic acid after 24 hours ( Figure 2 ). The cytotoxicity of the three polyphenolic compounds was tested in the brine shrimp lethality assay [8] (Figure 3 ). Resveratrol has been reported to mediate apoptosis in MM cells when used alone or in combination with paclitaxel or bortezomib. Resveratrol inhibited cell growth of all three MM cell lines (RPMI 8226, U266, and KM3) in a dose-and time-dependent manner. Bhardwaj et al. discovered that resveratrol suppresses the proliferation of MM cells by interfering with the NF-KB and STAT3 pathways. The results of that study correlate with ours: 50 µM resveratrol suppressed the proliferation of all MM cell types, including U266, MM.1R (resistant to dexamethasone), RPMI 8226-Dox6 (resistant to doxorubicin), and RPMI 8226-LR5 cells (resistant to melphalan) [9] .
Both in vitro and in vivo studies showed that rosmarinic acid demonstrated antioxidant activity, as well as anti-inflammatory activities [10a, 10b] . Rosmarinic acid inhibited proliferation of Jurkat cells in a dose-dependent manner, did not protect Jurkat cells from H 2 O 2 -mediated apoptosis, but instead induced apoptosis by affecting the expression of proteins which regulate cell cycle progression and apoptosis. It was also shown that rosmarinic acid protected human hepatoma cells (HepG2) from aflatoxin B 1 -and ochratoxin-A mediated cell damage [11] . A recent study reported that rosmarinic acid significantly increased cell viability and decreased apoptosis rate induced by hydrogen peroxide in astrocytes due to its anti-apoptotic and anti-oxidant activities [12] . In addition, Zhang et al. provided evidence that rosmarinic acid can inhibit proliferation and induce apoptosis in HSC-T6, perhaps partly by the down-regulation of CyclinD1 and Bcl-2 mediated by phosphorylation of STAT3 in vitro [13] .
In conclusion, IgG secreting leukemia ARH-77 is one of the most aggressive groups and is defined as a form of MM with a life expectancy for this disease between 7-11 months. Some cytotoxicity studies on different cell lines have included resveratrol, rutin, and rosmarinic acid. However, developing new cancer Cytotoxic effects of resveratrol, rutin, and rosmarinic acid Natural Product Communications Vol. 11 (10) 2016 1443 treatments is a challenging field and we believe that determining the cytotoxic effects of these three polyphenolic compounds is a new contribution to this area.
Experimental
Reagents: Resveratrol, rutin, and rosmarinic acid (99%) were purchased from Sigma-Aldrich. These compounds were dissolved in dimethyl sulfoxide to make stock solutions, which were diluted to final concentrations (12.5, 25, 50, 100, 200 µM). The immunoglobulin G-secreting plasma leukemia cells (ARH-77 cell glutamine, 10% fetal bovine serum, and 1% penicillin-streptomycin line) were kindly provided by Prof. Dr Ali Uğur Ural. The cells were grown in RPMI 1640 medium supplemented with 2 mM L-at a temperature of 37 o C in a humidified incubator with a 5% CO 2 atmosphere.
Cell viability assay (MTT):
The proliferation of the cells was evaluated by MTT (3,4,5-dimethylthiazol-2-yl)-2-5diphenyltetrazolium bromide) assay [13] . 5x10 3 ARH-77 cells were seeded in each well of the 96-well plate and after 24 h the cells were treated with 12.5, 25, 50, 100, and 200 µM resveratrol, rutin and rosmarinic acid. After 24, 48 and 72 h, 0.1 mL MTT working solution (0.5 µg/mL) was added to each well. After 3-4 h incubation period, formazan crystals were formed and were solubilized with 1 mL acidic isopropanol (0.04 M HCl). The culture plate was inserted in a Biotek Elx808 (Winooski, VT, USA) microplate reader and the absorbance was measured at 540 nm. This process was repeated for all the incubation periods. In the experiment, each group was tested in 8 wells. The data are mean values from experimental results of 3 different compounds.
Neutral red assay (lysosomal activity) (NR):
This assay requires intact membranes and active metabolism of the cells [14a, 14b] . The cells were seeded in 100 µL suspension in a 96-well plate and then were incubated with different concentrations (12.5, 25, 50, 100, 200 µM) of resveratrol, rutin and rosmarinic acid. After 24, 48 and 72 h of incubation, 10 µL NR (0.5% solution) was added to each well and the plates were incubated for a further 3 h. A decolorization process was performed using 1% glacial acetic acid, 49% dH 2 0 and 50% ethanol. The culture plate was inserted in a Biotek Elx808 (Winooski, VT, USA) microplate reader and the absorbance was measured at 540 nm. This process was repeated for all the incubation periods [15] . In the experiment, each group was tested in 8 wells. The data are mean values from experimental results of 3 different compounds.
Brine-shrimp lethality assay:
Fresh eggs of Artemia salina were obtained from the local pet shop in Eskisehir/Turkey. A total of 38 g of sea salt was weighed accurately, dissolved in 1 L of distilled water and then filtered to obtain a clear solution. The beakers were aerated with an air pump and the water temperature was kept at 25⁰C. The larvae were hatched within 48 h. Ten brine shrimps were transferred in artificial seawater with a pipette into each 96-well plate including test compounds. Working solutions of the test samples were prepared as 200, 100, 50, 25 and 12.5 µM. The solutions were transferred to the wells in triplicate. After 24 h, the numbers of surviving nauplii in each plate were counted [16] .
Statistical analysis:
The results obtained from MTT and NR analysis were compared by ANOVA, followed by Tukey's b test for the determination of statistical differences. MTT and NR absorbance values were expressed as mean -SEM values. p values of <0.05 were considered as significant (*p<0.05, **p<0.01, ***p<0.001). The brine shrimp test was analysed with the LC 50 computer program (Trimmed Spearman-Karber Method, Version 1.5) to calculate LC 50 values and 95% confidence intervals.
